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From1969 through 1972, lunar space missions plac cd four functioning laser retrore-
flector arrays on the Moon. Several observatories have ranged the reflectors from
1969 to the present. Beginning in March,1970, ranging data were accurate enough
tobe used for parameter estimation. Approximately 9700 norinal points have been

acquired from three observatories over the past 25 years, with accuracies over the
past five years being 2- 3 cm.

The implementation of lunar laser ranging (LLR ) ushered inanew cra of lunar
ephemerides and determination of values of parameters of General Relativity. After
only eight years of ranging data acquisition, the ephemeris accuracy improved by
three orders of magnitude and obviated the need for any other data type. In ad-

dition, ranging data arc sufficiently accurate to permit the estimation, modelling,
and integration of the lunar physical libations.

Several parameters of General Relativity have been estimated, including (]) the
PPN parameters f# and 7, (2) the rate of change of the gravitational constant G,
(3) the departure of geodetic precession from the prediction of General Relativity,
and (4) the validity of the Principle of Kquivalence.

JP1. has recently generated the lunar and planetary ephemeris1D1403. This paper
discusses the modelling, numerical integration, and polynomnial representation of
the ephemeris. A significant recent modelling improverent is the lunar elastic
dissipation. This feature requires the implementation of retarded-tilnc differential

equations, which, when integrated backward, functionmathematically as advanced -
time equations.

Also given arc the results of the Relativily parameterestitnation and a comparison
of D403 with earlier JPL ephemerides, notably D102 (produced in 1978), to

illustrate the cflfects of a more refined physical model and of theinclusion of 17 more
years of 1.LI.R data,




